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Transformation of BALB/c-3T3 Cells:
l. Investigation of Experimental Parameters
that Influence Detection of Spontaneous

Transformation
by Edwin J. Matthews

The frequency of spontaneous morphological transformation is an important variable in measuring
chemical-induced transformation in BALB/¢-3T3 clone A-31-1-13 cell cultures. Data from 110 experiments,
which included benzol e Jpyrene control groups and other chemical treatment groups, were anatyzed for factors
that influenced spontaneous transformation. Spontaneous transformants demonstrated a continuum of
morphological varianis (type 1, II, and LII foci} that fit a normal distribution if converied (o log,,. The
magnitude of transformation depended on the ampule of cryopreserved cells and the serum lot, Although the
average frequency was approximately (.71 x 10% (type IIl focifeell that survived and proliferated to con-
fluence), the absolute number of loci/vessel increased in proportion to the surface area of the culture vessel,
Thus, the frequency of spontaneous transformation was direetly related to the cumulative number of miloses
that oceurred in forming the contact-inhibited monolayer. These data are consistent with a hypothesis that
spontaneous transformation in BALB/¢-3T3 cells is a mutational event or some other single-step phenomenon.

Introduction

Spontanecus morphological transformation of cultured
mammalian cells is a relatively rare event in some cell
transformation assay systems; however, it is easily
detected in other systems. For example, the frequency of
spontaneous type LI or type III fociin the C3H10T1/2 cell
transformation assay has been either low or undetectable
(I-5). Similarly, many laboratories have not reported spon-
taneous transtormed colonies of Syrian hamster embryo
{SHE) cells in the SHE colony transformation assay (6, 7);
however, other laboratories report background activities
for this assay (8). In contrast, spontaneous transformation
has been routinely detected in both the BALB/c-3T3 (9-13)
and Simian adenovirus 7/SHE (SHE/SAT) transformation
assays (14-16). The mechanism of spontaneous transfor-
mation in the SHE/SAT system has been correlated with
the insertion of viral DNA into the genome of the host cells
(15). In contrast, the mechanism of spontanecus transfor-
mation of BALB/e-3T3 eells is not understood (27).
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The standard assay design for the BALB/c-3T8 cell
transformation assay (11,18-21) involves seeding 25-cm®
flasks or 60-mm dishes with 1 x 107 cells. At this seeding
density, Dunkel et al. have reported (#) an average fre-
quency of spontaneous transformation of 0.25 type III
foci/vessel for the 1-13 clone of A31 BALB/c-3T3 cells. A
comparable spontaneous frequency was observed in this
laboratory for the same clone of cells for 260 experiments
conducted over a b-year period (I1). Nevertheless, the
range of spontaneous transformation frequencies in indi-
vidual experiments was very large in both of these labora-
tories, and this variability was attributed to both the
source of fatal bovine serum (FBS) used in culture medium
(11-12) and to the passage number of laboratory cultures
(22).

This investigation was conducted to determine addi-
tional experimental parameters that cansed variable
detection of spontaneous transformation of BALB/c-3T3
cells. To eliminate parameters that are known to affeet the
frequency of spontaneous transformation, a single pool of
cryopreserved cells was used in all experiments, Likewise,
all experiments used laboratory cultures-of BALB/c-3T3
cells that were maintained in log-phase growth by
biweekly passage at low seeding densities. This precedure
was performed to prevent spontaneous transformed cells
from having a selective growth advantage over wild type
(WT) cells in a confluent, contact-inhibited cell culture.
The two lots of FBS used in this study were screened for
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their capacity to support comparable ievels of spontaneous
transformation. Finally, because cultures of BALB/c-3T3
cells always contained a continuum of different sizes of
type I, II, and III (I-III) foci, variability among spon-
taneous transformation frequencies might be related to
the inherent subjectivity of scoring individual morphologi-
cal variants; thus, all foci observed with an acceptable size
were recorded.

Materials and Methods
Cell Culture

These investigations used the 1-13 clone of A-31 BALB/
c-3T3 cells, and the cells were a gift from T. Kakunaga
(28,24). The materials and methods used to culture BALB/
¢-3T3 cells have been reported in detail (12). Briefly, cells
were cultured in Eagle’s minimal essential medium
[EMEM,; Gibeo, Grand Island, NY, or Hazleton Research
Products (HRP), Denver, PA] supplemented with 100 p.g/
mL streptomyein, 50 pg/mL gentamiecin, 292 pg/mL
L-glutamine (Quality Biologicals, Gaithershurg, MIN, and
a selected lot of heat-inactivated (50°C/1 hr) FBS (Armour
Biochemicals, Kankakee, IL or HRP). The three eriteria
used to select an FBS lot included its ability to support a
high cloning efficiency of the cells (= 35%), a low but
consistently detectable frequency of spontaneous trans-
formants (~0.50 type I1I foci/vessel), and a high benzo[a]-
pyrene (BaP)-induced transformation response [about five
type III foci/vessel for a 48-hr exposure to 0.2 pg/mL
BaP). Cell cultures were seeded in culture medium eon-
taining 10% v/v FBS and were maintained with mainte-
nance culture medium containing 7.5% v/v FBS. All cell
cultures were incubated in a water-saturated, 4.5-5.0%
CO,/air atmosphere at 36 to 37°C. Laboratory cultures of
cells were maintained in log-phase growth and were not
permitted to become confluent. They were passaged
biweekly using 5 x 10* cells/100-mm culture dish (Corn-
ing Seience Products, Corning, NY) and were used
between passages 4 (p4) and p24. Early passage labora-
Fory cultures were tested and found to be mycoplasma-
ree,

Transformation Assay

Spontaneous transformation of BALB/c-3T3 cells was
evaluated in a standard transformation assay protocol
that has been reported in detail (77) and is summarized in
these investigations in part IV of this series (25). In each
experiment spontaneous transformation was detected in
the negative control that consisted of 40-80 vessels seeded
with 3.2 x 107 cells/vessel. The negative control included
either untreated cultures or solvent control cultures
treated with a noncytotoxic concentration of the solvent
vehicle used for the test chemieals, Solvent control treat-
ments were applied to cell cultures for 48-hr, days 24,
using standard procedures (25). Spontaneous transforma-
tion was also detected in research experimentg using dif-
ferent numbers of cells seeded into different-size culture
vessels that included 35-mm, 60-mm, 100-mm (Corning), or

150-mm (Faleon Plastics, Cockeysville, MD) dishes, as well
as 25-em? culture flasks (Corning).

Evaluation of Transformed Foci

The method used to evaluate transformed foci of BALB/
¢-37T3 cells has been reported in detail (71) and summa-
rized in part TV of this series (25). Briefly, the number of
type I-111 transformed foci of BALB/c-3T3 cells were
identified mieroscopically using published criteria
(5,11,19-21,26), and type III foci had three phenotypic
properties, including piling and overlapping cells, disorien-
tation of cells at the periphery of the focus, and invasion of
transformed cells into a contact-inhibited monolayer of
WT cells. Type T and Il foci also appeared in many
different sizes, but they lacked one or more of the three
phenotypic properties of the type IIT transformed focus.

Statistical Methods

The appearance of transformed foci of BALB/c-3T3
cells in sets of culture vessels was abnormal in its distribu-
tion, and large numbers of foci were routinely observed in
a few culture vessels of a set (17,27-28). After examining
several mathematical transformations (29), the focus data
were found to fit a logarithmic (log,) transformation
(11,27). This method involved adding one to the number of
transformed foci scored in each vessel, converting this
total to a log,, equivalent value, and then determining the
mean transformation log, , response in each treatment set.
The presence of outlier observations among the data sets
were determined using standard statistical procedures
(20).

The significant difference between spontaneous trans-
formation frequencies was determined using SAS soft-
ware (87). An analysis of variance was performed on log,,
data using the F'-test, and the significant difference
between responses was calculated using modifications of
the Student’s #-test that assumed either equal variance
(EV) or unequal variance {(UV) between the control and
the comparison set. The correct i-statistic was dis-
tinguished by a #-test confidence level of 5% (i.e, p<0.05).
Finally, the probability level of individual sets of data
having a significant activity was determined using the
appropriate UV or EV {-statistie.

Results

Mathematical Distribution of Spontaneous
Transformants of BALB/e-3T3 Cells

The number of types I, 11, and I1I foci of BALB/¢-3T3
cells that arose spontaneously in culture vessels was vari-
able. In most experiments the majority of vessels had
either few foci or no foci; however, there were usually a few
vessels that had large numbers of foci. To determine the
mathematical distribution of the transformation phe-
notype, all foci observed in 37 experiments conducted over
a 6-month period were tabulated according to the number
of foei per vessel. Approximately 55% of 2865 culture
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Freure 1. Mathematical distribution of transformed foci of BALB/c-3T3 cells. A total of 2873 culture vessels in 37 consecutive experiments were
evaluated for the presence of type I11 foei = 2 mm in diameter, as well as type I and II foei = 1 mm in diameter. The totil number of culture vessels with
different numbers of foci were tabulated, and the data were examined for their fit to different mathematical distributions. The data were demonstrated to

fit a log,, distribution, and they are plotted on a log,, scale,

vessels in these experiments had no type 111 foei =z 2mmin
diameter, and 37% of the vessels had only 1 or 2 foci. Of the
remaining 241 enlture vesselg, 234 vessels had 3-10 type
1II foci/vessel, and 7 vessels had 11 or more foci, This
skewed distribution of type I foci was shown to fit a log,
mathematical distribution, and conversely, the log,q-
transformed data had a normal distribution (Fig. 1).

Analyses of the combined type I and 11 focus data were
also performed in the same 37 experiments. The
appearance of type I-II foci fit a log,, distribution, and
roughly half (52.4%) of the 2865 culture vessels had no
type I and II foci = 1 mm in diameter, and 34.2% of the
vessels had either 1 or 2 foei/vessel. The remaining 12.9%
culture vessels had either 3-10 focifvessel (11.1%) or >11
focivessel (1.8%).

Affect of Different Experimental Parameters
on Spontaneous Transformation

The affect of five different experimental parameters on
the magnitude of spontaneous transformation frequencies
of BALB/c-3T3 cells was investigated in a total of 110
experiments. The experimental parameters that were var-
iable included o) 18 ampules of cryopreserved eells from a
single pool; &) three seeding densities of 0.32, 1.0, and
3.2 x 107 cells/vessel; ¢) two I'BS lots; ) p4-p22 passage
levels of cultures; and e) four culture vessel surface areas.
Analyses of the first three of these experimental param-
eters were compared by pooling experiments that used the
same ampule of cells (refer to Table 1). In addition, experi-
ments numbered 1-61 that used FBS lot A and ampules of
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Table 1, Affect of seeding density on frequencies of spontaneous transformation of cells derived from 18 ampules of cells.”

Experiment Frequency of spontarteous transformation,®

parameter” mean + SE foci/vessel
Amp.  FBS Type 1-111 foeus frequency” Type I1I frequency”
no. lot, 0.32° 1.0 3.2 0.32¢ 1.0 3.2 n
IN* B 13.0 + 2.85 9.11 = 253 916 + 219 5.63 + 1.30 422 + 134 463 = 1.11 6
1P B 342 += 0.61 1.85 = (.54 305+ 135 1.13 + 0.33 1.16 + (.40 1.25 = .55 4
1G A 3.22 = 0.70 202 = 045 3.02 £ 0,70 122 = 0.26 087 + 015 127 + 027 8
1F A 3.02 + 0.82 3.02 = 0.70 5.72 £ 1.36 0.62 = 0.11 0.36 = 0.06 0.56 = 0.15 5
1.1 A 289 + 1.27 244 = 0.85 4.73 = 2,52 0.7 = 0.28 0.88 = (.22 1.49 = 0.65 3
1R B 230 = 0.8 218 + 0.91 526 = 1.64 0.58 = (120 065 = 0.18 1.72 = 0.44 5
1M B 2.26 = 0.30 1.02 = 0.29 1.52 + 0.34 0.91 = 015 0.42 + 0,09 0.78 = 0.20 7
1G B 145 = 0.31 0.81 + (.15 103 + 013 0.74 = (.13 0.50 = 0.18 0.58 = Q.08 g
10 B 1.26 = 0.32 0.74 = 0.22 0.87 = 0,23 0.71 = .22 049 = (.17 0.57 = 0.15 10
11 A 1.23 % 0.15 049 £ 011 1.03 £ 0.11 056 = 0.25 0.25 + 0.08 0.46 = 0.04 5
1E A 1.18 = 0.19 046 = 017 1.24 = 0.20 044 = 0,09 4.52 = (.13 0.51 = 0.13 8
1H A 1.18 = 0.21 0.80 = 0.24 141 = 0.32 0.58 = 0,10 0.25 + (.06 0.46 = 0.03 9
1A A ND ND ND 0.52 = 015 043 = 013 0.98 = 0.20 4
1B A ND ND ND 0.35 = 0.16 .25 + 0.09 026 = 0.11 4
1K A 0.82 + 0.16 0.52 = 0.156 0.72 + 0.26 0.33 = 0.06 0.23 = 0.05 0.31 £ 0.08 i
1D A 0.78 = 0.30 0.46 = 0.05 0.44 + 0.10 0.29 = 0.08 0.18 = 0.03 0.19 ~ 0.02 4
it B 0.63 + 6.13 651 + 0.21 0.8 + 0.05 0.38 + 0.08 0.23 = 0.03 043 + 0.22 7
1¢ A 0.22 = 0.07 021 = 0.05 0.25 + 0.08 0.09 = 0.03 0.16 = 0.06 017 = 0.07 3
Median 1.26 0.91 1.24 0.58 0.43 057
frequencies

Abbreviations: Amp. no, ampule number; FBS lot, fetal bovine serum lot; », number of experiments; ND, not determined.

“To facilitate comparison of experimental parameters of ampule aliquot number and cell seeding density with frequencies of spontaneous
transformation, the average transtormation frequencies for cell cultures derived from individual ampules of cells were runk-ordered. The ampule with
the highest average frequency of type I-111 foei was presented first at the 0.32 x 10? cells/vessel seeding density, and the ampule with the lowest
frequency was presented last. Information on individual experiments is provided in Table Al.

“All of the eellz in this investigation were derived from different ampules of cells in one large pool of cryopreserved cells. The first ampule used was
designated 1A. The number of experiments (%) set up with laboratory cultures from each ampule is in parentheses. The source of FBS lot A and B are

provided in Materials and Methods.

“Due to the log,, distribution of the spontaneous transformed foci detected in these experiments (Fig. 1), the transforming activity of each culture
vessel was first mathematieally transformed to the log,, before the transformation frequency of individual seeding density sels of cultures was
caleulated. Thus, the mean number of transformed foei in this table is the anti-log of Lhe log,,, mean transformation frequency.

“Spontaneous transformation of BALB/e-3T3 cells vesuited in a continuum of type [, 1T, and L] foei of different sizes. Tha type [-I11 trangformation
frequency in this investigation included type L and 11 foei = 1 mmin dismeter and type 11 foei = 2 mum diameter. The contribution of type I and ITfoei alone
can be calenlated by subtracting the frequency of type 111 foci from the frequency of type I-11I foci.

“The seeding density is given as x 10 cells/vessel. Luboratory cultures of different passage levels were trypsinized and cells were replated af seeding

dengities of 0.32, 1.0, and 3.2 x 10* eells/60-mm dish (or 25-em? flask),

‘Outlier experiment. An outlier experiment in this investigation was defined as un experiment with & frequency of spontunesus transformation that
was significantly different from other experiments that used cells from laboratory cuitures from the same ampule (¢7). Three of the 110 experiments
were determined to be outliers, ineluding ) experiment 8 using cells from ampule 1C, §) experiment, 62 using cells from ampule 11, and ¢) experiment 77

using eells from ampule 1N (refer to Table Al),

cells 1A-11, were separated from experiments 62-110 that
used F'BS lot B and ampules of cells 11.-1R. The effect of
the remaining two experimental parameters of cell pas-
sage level and cell surface area on spontaneous transfor-
mation frequencies are discussed in Table Al, and Figure
2, respectively.

Ampule of Cryopreserved Cells. The detection of high
and low spontaneous transformation frequencies of
BALB/c-3T3 cells was shown to be highly correlated with
experiments that used cells derived from different
eryopreserved ampules, For example, at the lowest seed-
ing density of 0.32 % 104 cells, cells from ampule IN had un
average frequency of type I-111 foci of 13.0 foei/vesset, and
this frequency was about 59-fold higher than the average
frequency of 0.22 foci/vessel of cells from ampule 1C (Table
1). Similarly, at the same seeding density, cells from ampule
IN had an average frequency of type 111 foci of 5.63 foci/
vessel, which was about 63-fold higher than the average
frequency of 0.09 focifvessel of cells from ampule

1C (Table 1). Comparable differences in type I-11T and IIT
transformation frequencies were also noted for ampules
IN and 1C in experiments that were seeded at 1.0 and
3.2 x 10% cells/vessel.

Initial Seeding Density. Variability of average spon-
taneous transformation frequencies of BALB/c-3T3 cells
was observed to be essentially independent of the initial
seeding density of the cells. The average frequency of type
I-111I foci of cells from ampule 1IN seeded at densities of
0.32,1.0, and 3.2 > 10" were 18.0, 9.09, and 9.16 foci/vessel,
and the average frequency of type 111 foci for the same
seeding densities were 5.63, 4.22, and 4.63 foci/vessel
(Table 1). Similarty, the frequencies of type I-111 foci of
cells from ampule 1C seeded at densities of 0.32, 1.0, and
8.2 x 10? cells/vessel were 0.22, 0.21, and 0.25 foci/vessel,
and the frequencies of type 111 foci were 0.09, 0.16, and 0.17
foei/vessel (Table 1), Thus, ampules of cells with an approx-
imately 60-fold difference in the average spontaneous
transformation frequency had less than a 1.5-fold dif-
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Fieurg 2. Effeet of culture vessel surface area on frequency of spontaneous transformation of BALB/e-3T3 cclls. The effect of culture vessel surface
area on the frequency of spontaneous transformation of BALB/e-3T3 cells was examined in three different independent experiments: rno. 1 ((J), no. 2 (O),
and no. 3 (A). See Materials and Methods for experimental details. (A) Type I-I1 fod, (B} transformed type ITI feci, The transformation frequencies
were calculated nsing logy, transformed foci/culture vessel (solid lines) and log,, transformed foci/10 % 10° eonfluent cells (dashed lines),

ference in the average transformation frequency for cells
seeded at different densities.

FBS Lot. The lot of FBS used in the transformation
experiments had a minor effect on the magnitude of the
frequency of spontanecus transformation. The median
type I-I1I frequency of experiments using serum lot B
was 2.26 foci/vessel versus 1.18 foci/vessel for lot A, Thus,
the median frequency of spontanecus transformation
detected in experiments using FBS lot B was about 2-fold
higher than the frequency detected using FBS lot A. The
relatively small effect of FBS lot on the frequency of
spontaneous transformation was expected because the two
FBS lots had been sereened and had comparable activities
in preliminary experiments.

Culture Passage Level. Spontaneous transformation
frequencies detected in experiments using cells with dif-
ferent passage levels are compared in Table Al. The data
were rank-ordered from the ampule of cells, resulting in
the highest average frequency of type III foci to the
ampule with the lowest average frequency. In addition, the
data from individual experiments/ampule were rank-or-
dered. The experiment with the highest type I1I response
at the highest seeding density of 3.2 x 10? cells/vessel was
listed first, and the experiment with the lowest response at
the same seeding density was listed last. These analyses
revealed that there was no eonsistent, agsociation of pas-
sage level of laboratory stoek cultures with the level of the
spontaneous transformation frequency among all ampules
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of cells. Cell cultures derived from only 3 of 18 ampules
(i.e, 1G, 1J, and IN) exhibited a trend of increasing fre-
quencies of spontaneous transformation with increasing
passage level of laboratory stock cultures. In contrast,
experiments using 15 of 18 ampules did not exhibit a clear
trend of inereasing frequencies with increasing passage
level.

Culture Vessel Surface Area. The effect of culture
vessel surface area on the magnitude of the frequency of
spontaneous transformation was examined in three
experiments (Figure 2). Data presented in Table 1 reveal
that the level of the spontanecus transformation frequen-
cies of eultures was essentially independent of the initial
seeding density; however, all of these experiments used
culture vessels with a surface area of about 27.8 em?®. Thus,
culture dishes were chosen for these experiments that had
diameters of 35, 60, 100, and 150 mm that corresponded to
total surface areas of 14.2, 278, 76.4, and 167.6 cm?,
respectively. The surface area for the contact-inhibited
monolayer of cells included the culture dish bottom and 3.5
mm of the vertical edge. The volume of culture medium/
vessel varied so that the height of the culture medium and
cell growth was the same among all sets of dishes, and sets
were seeded with 0.1, 0.32, 1.0, or 3.2 x 107 cells/vessel.
These experimental conditions were selected because they
resulted in large differences in the number of cell popula-
tion doublings bhetween small dishes seeded with high
densities of cells and large dishes seeded with low densi-
ties of cells.

The spontaneous transformation frequencies of types
I-11 focifvessel, as well as type III foci/vessel, are pres-
ented in Figure 24,8, respectively. The largest culture
dishes, with a diameter of 150 mm, had consistently high
average transformation frequencies. For example, the four
seeding densities of 3.2, 1.0, .32, and 0.10 x 10 cells/
vessel in experiment 2 had 3.9, 2.5, 3.9, and 1.9 type I11 foci/
vessel; in experiment 3 the same four seeding densities had
2.8, 27, 1.9, and 2.1 type III foci/vessel, respectively. In
contrast, identical seeding densities in 35-mm culture
dishes had much lower average transformation frequen-
ciez of 0.09, 0.23, and 0.40 type TII foci/vessel. Further-
more, in these same experiments the intermediate size 60-
and 100-mm dishes had intermediate frequencies. Thus,
the magnitude of the type ITI focus spontaneous transfor-
mation frequencies was deteeted in proportion to the log;,
of the culture vessel surface area. The magnitude of the
type I-II focus spontaneous frequency was also detected
in proportion to the log,, of the culture vessel surface area,

Effect of Seeding Density Crowding and
Preexisting Transformants on Expression of
Spontaneous Transformation

Analyses of the frequencies of spontaneous transforma-
tion described above revealed that the average transfor-
mation frequency of BALB/c-3T3 cells was relatively the
same for cultures seeded with 0.32, 1.0, and 3.2 % 107 cells/
vessel (Table 1). Nevertheless, further examination of these
data revealed that the average frequency detected for cells
seeded at 1 x 10* cells/vessel was frequently less than that

of cultures seeded with a lower density 0.32 x 10? cells/
vessel, Similarly, the average frequency detected for cells
seeded at 3.2 x 10? cells/vessel was frequently higher
than that of cells seeded at 1.0 x 10* cells vessels. These
relatively minor variations in the level of the spontaneous
transformation frequency with different seeding densities
were attributed to either 2 seeding density erowding effect
or to the presence of preexisting variants. Although the
seeding density differences in the frequencies were usu-
ally not statistically significant, they were observed in
most of the experiments (Table Al). Thus, these phe-
nomena were investigated further in experiments using a
larger range of seeding densities.

Seeding Density Crowding Effect. The expression of
the spontaneous transformation of cultures seeded at
1.0 x 10 versus 0.32 x 10* cells/vessel was lower at the
higher cell density (Table 2). The lower frequency of
transformation at the higher seeding density was
attributed to a crowding affect of the higher seeding
density on the expression of the spontaneous transformed
cell phenotype. A comparable trend in the transformation
frequencies was observed in experiments 1-61 and 62-110;
however, the crowding effects in both groups of experi-
ments were not statistically significant. The crowding
effect was investigated further in 13 experiments that used
seeding densities of 0.1, 0.32, and 1.0 x 10* cells/vessel
{(Table 2), and experimental data from individual experi-
ments are presented in Table A2, Data from these experi-
ments showed that the average spontaneous transforma-
tion frequencies at the two lowest seeding densities were
nearly identical. For example, the type I-111 frequencies
of vessels seeding with 0.1 and 0.32 x 10" cells were 1.55
and 1.54 foci/vessel. In contrast, the number of type I-111
foci significantly declined to 0.64 type I-111 foci/vessel at
the highest seeding density of 1 x 10* cells/vessel,

Preexisting Spontaneous Transformants. The analy-
ses of variability among the frequencies of spontaneous
transformation described above also included an analysis
of data for the presence of outlier observations (see Mate-
rials and Methods). These analyses revealed that the
average frequency of type III or type I-1II foci of cells
from ampule IN was a significant outlier (p<0.01) from the
remaining 17 ampules of cells (Table 1), In addition, the
transformation frequencies in experiment 8 (ampule 1C),
experiment 62 (ampule 1L), and experiment 77 {ampule 1N)
were sighificant (p<(0.01) outliers from other experiments
using the same ampule of cells (Table Al). For example, the
frequency of type 111 foci in experiment 8 using celis from
ampule 1C, for a seeding density of 8.2 x 10* cells/vessel,
was 2.19 foci/vessel, and this frequency was significantly
{p<0.001) higher than the type I1I frequencies of experi-
ments 9-11 of 0.05, 0.30, and 0.15 foci/vessel (refer to Table
Al)

Experiments were performed to determine whether the
elevated or outlier spontanecus transformation frequen-
cies noted in individual experiments or in groups of experi-
ments using a single ampule of cells were caused by the
presence of preexisting transformants. In contrast to
transformants that arose spontaneously during the course
of the 4-week transformation experiment, preexisting
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Table 2, Inhibition of detection of spontaneous transformation of
BALRB/c-3T3 cell by a seeding density crowding effect.”

Frequency of spentaneous transformation,”
focifvessel, mean + SE

Seeding density,”
X 10* cellsfvessel
Preliminary series of 13 experiments

Type I-111 frequency Type 11T frequency

0.10 1,65 = 0.20 043 + 0.06

0.32 1.54 = 0.19 045 + 0.06

1.0 0.64 = 018" 0.32 = 008"
Extended series of experiments (1-61, FBS Lot A)

0.32 1.61 = 0.20 0.57 + 0.06

1.0 1.20 + 0.16 (NS) 045 + 0.05 (NS)
Extended series of experiments (62-110, FBS Lot B)

0.32 313 = 0.64 1.34 + 0.28

1.00 215 = 051 (NS) 101 = 024 (N

Abbreviations: FBS, fetal bovine serum; N8, not significant.

“A crowding effect on detection of spentaneous transformation
oceurred when WT cells seeded at a high and a low high seeding density
had a lower spontaneous transformation frequency expressed at the
higher seeding density. Presumably, the transformed cells had a more
difficult time expressing the transformed phenotype at the higher seed-
in[;[{ density.

"Labovatory cultures of different passage levels weve trypsinized and
cells were replated al seeding densities of 0.32,1,0, and 3.2 x 107 cells/60-
mm dish (or 25-cm® flask).

“The number of spontanecus foci of different types of BALB/e-3T3
cells that were scored in the preliminary series of 13 experiments are
provided in Table A2 and the extended series of 110 experiments in Table
Al

dSpom:aneous transformation of BALB/e-3T3 cells resulted in a con-
tinuum of type I, IT, and 1II foci of different sizes. The type I-T11
transformation frequency in this investigation ineluded type I and II foci
= 1 mmindiameter and type I11 foci = 2 mm diameter. The contribution of
type I and II foci alone can be caleulated by subtracting the frequency of
type III foci from the frequency of type I-1I1 fod.

*Significant crowding effeet, .01 < p < 0.05.

**Significant crowding effect, p < 0.01.

transformants arose spontaneously in the laboratory
stocks of cells that supply cells for the transformation
experiment. Since laboratory stocks of cells used to main-
tain the laboratory cultures and the transformation
experiments were passaged separately, preexisting trans-
formants could result in very high spontaneous transfor-
mation frequencies in either a single experiment, or in a
group of experiments using a single ampule of cells.

The presence of preexisting transformed cells in labora-
tory stock cultures was investigated by measuring the
frequency of spontaneous transformation in cultures
seeded with a high range of seeding densities: 1.0, 3.2, and
10 x 10* cells/vessel, The highest seeding density would
presumably have the highest probability of detecting the
preexisting transformants. In four experiments, the aver-
age spontanecus transformation frequencies of the 1, 3.2,
and 10 x 107 cell seeding densities were 0.59, 0.94, and 2.61
type LIT foci/enlture vessel (Table 3). Thus, an increase of
3.2-fold in the seeding density from 3.2 to 10 x 10* cells
resulted in a 2.8-fold increase in the frequency of trans-
tormed foci. In contrast, a 3.2-fold increase in seeding
density from L.0to 3.3 x 10* cells/vessel resulted in only a
1.6-fold increase in the frequency of transformed foci.
Therefore, these data suggest preexisting transformants
of BALB/c-3T3 cells were a relatively small contaminant of

most stock cultures of cells seeded at < 3 x 104 cells/
vessel.

Evidence for preexisting transformed cells was also
investigated by retrospectively comparing the transfor-
mation frequencies of the highest seeding densities of 1.0
and 3.2 x 104 eells/vessel in the 110 transformation experi-
ments in this study. The data were averaged separately for
the experiments that used the two different FBS lots.
These data showed the same trend as observed in the four
preliminary experiments, and the transformation frequen-
cies at the 3.2 x 107 seeding density were only 1.4- to 1.6-
fold higher than the frequencies at the 1.0 x 10* seeding
density. Furthermore, the average frequency at the
3.2 x 104 cells/vessel seeding density was not statistically

Table 3. Detection of preexisting spontaneous transformed cells”
in cultures seeded at high cell densities.

Frequency of spontaneous transformation,”
focifvessel, mean + SE
Type I-I1 foci Type 111 foci
Preliminary series of four experiments

Seeding density,”
x 10" cells/vessel

10.0 ND 255 = 0,14
3.2 ND 1.10 = 0.22 (N§)
1.0 ND 0.63 £ 0.14
Extended series of experiments (1-61, FBS lot A)
32 1.94 = 0,30 0.66 + 0.08"
1.0 1.20 = 016 045 = 0.05

Extended series of experiments (62-110, FBS lot B)

3.2 291 = 057 (NS 1.37 = 0.26 (NS)
1.0 215 = 051 1.01 = 0.24
Abbreviations: FBS, fetal bovine serum; ND, not determined; NS, not
significant.

"There are two possible origins of spontaneous transformants of
BALB/e-3T3 cells: preexisting transformants and transformants that
oceur spontanecusly in the transformation experiment. Sponianecus
transformants arising in the transformation experiment were detected
at alow and relatively constant level in vessels seeded with (0.32-3.2 x 10¢
cells (refer to Tuble 1) In contrast, preexisting transformants arose in
laboratery cultures, and they are transferred with the WT cells to the
transformation experiment. The preexisting transformant can be
detected in culture vessels seeded with a relatively high cell seeding
density of 10.0 x 10! cells/vessel. Thus, elevated transformation fre-
quencies detected at high seeding densities are indicative of spontaneous
transformation frequencies centaining preexisting, as well as spon-
Llaneously oceurring transformants.

"Laberatory enltures of different passage levels were trypsinized, and
eells were replated at seeding densities of 1.0, 3.2, and 10.0 x 107 cells/
60-mm dish (or 25-em? flask).

“Due to the log,, distribution of the spontaneous transformed foei
detected in these experiments (Fig. 1), the transforming activity of each
culture vessel was tirst mathematically transformed to the log,, before
the transformation frequency of individual seeding density sels of cul-
tures was caleulated. Thus, the mean number of {ransformed foci in this
table is the anti-log of the log,,, mean transformation frequency.

“Spontaneous transformation of BALB/e-3T3 cells vesulted in a con-
tinuum of type I, I, and I1I foei of different sizes. The type I-TII
transformation frequeney in this investigation included type I and 11 foei
= 1 mmin diameter and type I11 foei = 2 mm diameter, The contribution of
type [ and II foci alone can be caleulated by subtracting the frequency of
type LI foei from the frequency of type =11 foei.

*Significant increase in frequency of spontanecus transformation,
0.01 < p < 0.05.

" Significant inerease in frequency of spontaneous transformation, p

<0.001.
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higher than the frequency at the 1.0 x 10* cells/vessel
density (Table 3).

Average Frequency of Spontaneous
Transformation of BALB/c-3T3 Cells

The data presented in Tables 1-3 and Tables Al and A2
demonstrate that several different experimental param-
eters influence the magnitude of the frequency of spon-
taneous transtformation detected for BALB/e-3T3 cells.
The effects of these parameters on the response had to be
considered in the process of estimating the average spon-
taneous transformation frequency in a standard transfor-
mation assay using 3.2 x 10* cells/vessel. Because the
magnitude of the frequency was significantly affected by
the ampule of cells used, and the number of experiments
with different ampules of cells varied from 3 (ampule 1.J) to
10 (ampule 10), the mean response of the 110 experiments
was a biased estimate of the average spontaneous trans-
formation frequency. Therefore, the median frequency
detected in experiments using the 18 ampules was used to
estimate the average frequency in a standard experiment.
These data showed that the median frequency of BALB/
¢-3T3 cells was either 1.24 type I-TIT foci/vessel or 0.57
type 111 foci/vessel for cells seeded at 8.2 x 101 cells/ves-
sel (Table 1)

Discussion

This investigation examined the affects of varying five
different experimental parameters on the detection of
spontaneous transformation of BALB/e-3T3 cells to deter-
mine the parameters that caused variable expression of
spontaneous transformed cell phenotype. To accomplish
this goal, all experiments were conducted with a single
cryopreserved pool of p3 cells. Cells from each ampule
were passaged biweekly, and a total of 110 experiments
were performed over a 2-year period. Because other inves-
tigations have shown that frequencies of spontaneous
transformation were depended on the lot of FBS (32-34),
this investigation used only two large lots of FBS. The
FBS lots were screened and selected because they sup-
ported similar levels of spontaneous transformation.
Finally, all laboratory cell cultures in these experiments
were kept in log-phase growth by biweekly passage of the
cultures at low seeding densities. If laboratory cultures
had been permitted to become confluent, the frequency of
spontaneons transformation could have increased with the
passage of cells due to the selective growth advantage of
preexisting transformed cells in laboratory cultures
(unpublished data). Nevertheless, the average type 111
spontaneous transformation frequencies among these
experiments ranged from 0.06 foci/vessel in experiment 5
(ampule 1B) to 8.01 focifvessel (= 2 mm in diameter) in
experiment 82 (ampule 1N; Tahle A1),

The most important experimental parameter associated
with variable expression of spontaneous transformation of
BALB/e-8T3 cells was shown to be the use of different
ampules of eryopreserved cells. The 18 different ampules

had average type 1II focus transformation frequencies
ranging from 0.17 foci/vessel (ampule 1C) through 4.63
foci/vessel (ampule 1N; Table 1). Ampules of cells that
resulted in a low average transformation frequencies had
consistently low frequencies detected among experiments
using cells at different passage levels. Conversely, ampules
of cells with high frequencies had consistently elevated
frequencies in all experiments using these cells.

In contrast, several experimental parameters were
shown to have either no effect or only a relatively small
effect on the magnitude of the frequeney of spontaneous
transformation. The median spontaneous frequency
detected in experiments using FBS lot B was about 2-fold
higher than frequencies detected in experiments using
FBS lot A, but there was no clear separation of FBS-
dependent activities in all experiments (Table 1). Similarly,
experiments from a few ampules of cells showed a trend
toward increasing spontaneous transformation frequen-
cies with inereasing passage number; however, this trend
was not observed for most ampules of cells. For example,
cells from ampule 10 were used in experiments from p6
through p24, and the spontaneous frequencies remained
constant with inereasing passage (Table A1),

The magnitude of the frequency of spontaneocus trans-
formation was also shown to be relatively independent of
the initial seeding density of the cell cultures. The average
frequency for cell cultures seeded with (.32 and 3.2 cells/
vessel were nearly identical for different ampules of cells
(Table 1} and in different experiments (Table Al). Although
the spontaneous transformation frequency increased in
cultures seeded with a high seeding density of 10 x 10*
cells/vessel (Table 3), elevated frequencies were not consis-
tently observed at the 3.2 x 10? cells/vessel seeding den-
sity, which iz used in the standard transformation
experiment (17). Thus, significant numbers of preexisting
transformants were not observed in most experiments.

The expression of transformed BALB/c-3T3 cells can be
suppressed by the presence of WT cells. Sivak (25)
reported that WT BALB/c-83T3 cells suppressed the
expression of SV-40 transformed BALB/e-3T3 cells. Fur-
thermore, we have observed that the phenotype 3-methyl-
cholanthrene (MCA)-transformed cells was suppressed by
WT cells (unpublished observations). Likewise, Haber et
al. (86) has demonstrated that WT C3H10T1/2 cells sup-
pressed the expression of C3H10T1/2 cells transformed
with MCA. Nevertheless, the expression of the trans-
formed phenotype has been reported to be comparable for
cultures seeded at different densities (17,87-39). There-
fore, the restriction of the expression of the MCA-
transformed cell phenotype was relatively independent of
the initial seeding density of the cell cnltures.

In this investigation, a small crowding effect was seenin
cell cultures seeded at 1 x 10* cells/vessel (Table 2), versus
cells seeded at lower density of 0.32 or 0.10 x 10? cells/
vessel, but this effect was nsually not signifieant, and it
was not observed in all experiments (Table Al). Therefore,
if the phenotype of spontaneous transformed cells was
suppressed by the WT cells in these cell cultures, then the
suppression of the phenotype must have relatively compar-
able for cultures seeded with 0,10-3.2 x 10? cells/vessel.

iy
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The abnormal distribution of types I-11I foci/vessel of
BALB/c-3T3 cells has been previously reported (11,27,28).
In this investigation the frequency of spontaneous trans-
formation data were converted to a normal distribution
using a log,, mathematical transformation procedure
(Fig. 1); thus, these results agreed with previous investiga-
tions from this laboratory (11,27). The biological cause of
the abnormal distribution of spontaneous foei is unknown;
however, it may have five or more possible explanations.
First, spontaneous transformation may have been caused
by activation of a latent transforming virus in BALB/
c-3T3 cells (77). If this virus was activated in a few sub-
confluent cell cultures, it could have reinfected many grow-
ing cells in these cultures and thereby induced many
transformed foci in a few culture vessels. Second, the early
appearance of a spontaneous focus in a few cell cultures
could have formed many sister colonies in the same culture
vessel. The sister colony foci may have been formed when
the parent focus was mechanically dislodged or broken
during the maintenance feeding of the cultures. Third, the
expression of the transformed phenotype in a culture
vessel may depend on a critical size of the colony of
spontaneous transformed cells (17,36,40), and the trans-
formed phenotype of most foei might be suppressed by the
WT cells. Thus, the kinetics of expression of the trans-
formed phenotype, or conversely the suppression of the
phenotype, could be abnormal due to a multistep process
required for expression. Fourth, the expression of the
transformed phenotypic might depend on the log,, con-
centration of a critical factor in FBS or a factor produced
by the transformed cells. Finally, all four explanations for
the log,, distribution of the transformed phenotype may
be correct, and each mechanism could have resulted in
culture vessels with large numbers of spontaneous trans-
formed foci. Taken together, the cause of this phenomenon
may be inexplicable in individual culture vessels, but the
presence of these vessels does not prevent the focus data
possesging a skewed distribution from being easily ana-
lyzed with parametric statistical procedures.

The mechanism(s) of spontaneous morphological trans-
formation of the A-31-1-13 clone of BALB/c-3T3 cells is
unknown and was not the objective of these investigations.
Nevertheless, data from the literature, as well as data
ohtained in this investigation, are consistent with the
hypothesis that a spontaneous transformed focus arose as
a mutational event in a WT cell (1,2,41,.42). According to
this hypothesis, the phenotypic change from a WT to a
spontaneous transformed cell was a relatively rare muta-
genic change in the genotype of WT cells, which enabled
the transformed cell to replicate within a contact-inhibited
monolayer of WT cells. Several reports in the literature
have documented that spontaneous transformation of
BALB/e-3T5 cells represents a permanent phenotypie
change in WT cells because isolated spontaneous trans-
formed foei of BALB/c-3T3 cells have maintained the
transformed phenotype through many passages (12,22,26).
Nevertheless, the data in this study do not exclude the
possibility that spontaneous transformation was caused by
some other single step phenomena (43),

In this investigation the mutation hypothesis is sup-
perted by data that were obtained in experiments used to
determine the appropriate method of calculating the fre-
quency of spontaneous transformation of BALB/e-3T3
cells. To caleulate this frequency, it had to be determined
whether the frequency of spontaneous transformation was
related to the cumulative number of cell mitoses in the cell
cultures, the initial seeding density of cells, or the number
of population doublings. This question was answered by
performing an experiment in which culture vessels of
different sizes were seeded with cells at different seeding
densities. The data presented in Figure 2 clearly demon-
strate that the frequency of spontaneous transformation
of the cells increased in culture vessels in direct proportion
to the log,, of the surface area of the vessel. In other
words, the frequency of spontaneous foei was directly
proportional to the number of cells that survived and
proliferated to confluence. Because the number of cells per
unit of surface area was identical in culture vessels of
different sizes, the transformation frequency was directly
proportional to the log,, of the culture vessel surface area
in the confluent menolayer. Thus, the frequency of spon-
taneous transformation of BALB/c-3T3 was detected in
proportion to the cumulative number of cell mitoses
required to form the contact-inhibited monolayer, A cul-
ture vessel with a large surface area accumulated more cell
mitoses to form a monolayer of cells than a culture vessel
with a small surface area. Furthermore, the majority of
cell mitoses in BALB/e-3T3 cultures oecurred during the
final cell divisions to form the monolayer. Therefore, cul-
tures seeded with relatively low densities of 0.1-3.2 x 104
cells/60-mm dish would have had nearly identical cumula-
tive mitoses to form a contact-inhibited eulture and nearly
identical chances to undergo a spontaneous mutation.

In contrast, in the same experiments using different size
culture vessels seeded with different numbers of cells, the
frequency of spontaneous transformation was not influ-
enced by the initial seeding density of the cells. Likewise,
the spontaneous transformation frequency was not related
to the number of population doublings. Cells seeded at
different, densities required different numbers of popula-
tion doublings to achieve confluency, yet they had equiv-
alent frequencies of spontaneous foci in vessels with the
same surface area. Comparable observations have been
reported for the expression of MCA-transformed
C3H10T1/2 cells (17,37-39).

Thus, the frequency of expression of spontaneous foci
detected in the BALB/c-3T3 cells was shown to be compar-
able to that obtained for single gene mutation in mam-
malian cells (41). In this investigation the frequency for
type 1IT transformed foci that arose in cell cultures was
estimated to be 0.71 x 10-% for a contact-inhibited moho-
layer containing 8 x 10 eells/60-mm dish. This frequency
was based on cultures seeded with 3.2 x 10% cells, in which
a median frequency of 0.57 type III foci/vessel were
chserved. Similarly, the estimated frequency for the com-
bined type I-11T foei was 1.55 x 10-%, which is based on the
detection of a median frequency of 1.24 foci/60-mm dish
that were seeded with 0.32 x 104 cells.
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If one assumes that spontanecus transformation were a
mutational event that occurred at a rate of 0.71 x 10-% in
these experiments, then one would predict that spon-
taneous mutations should occasionally have arisen in labo-
ratory cultures of cells that were passaged to provide cells
for transformation experiments. This prediction was
apparently confirmed, becanse significant outlier frequen-
cies of spontaneous transformation were detected in
experiments 8 and 62. In these experiments, 2-5 labora-
tory cultures were passaged at 0.75-2 x 10° cells/100-mm
dish resulting in 10-50 vessels with 1-6 x 109 cells/100-
mm dish (i.e,, total of 10-30 x 105 cells/experiment). Based
on a type III focus forming frequency of 0.71 x 109, a
spontaneous transformant could have occurred in these
cultures and could have increased in frequency due to their
selective growth advantage over WT celis. Because these
laboratory cultures were used in only one experiment, the
preexisting transformants would have resulted in a high
frequency in only one experiment using cells from the
game ampule, Thus, experiment 8 was observed to have an
outlier frequency compared to the frequencies of experi-
ments 9-11 using cells from ampule 1C, and experiment 62
was an outlier compared to experiments 63-69 using cells
from ampule 1L (refer to experiments C 8-11 and L 62-63;
Table Al).

Because laboratory cultures were serially passaged to
maintain a consistent source of stock cells for experiments,
but these cultures were kept separate from the cultures
used for the transformation experiments, one would also
predict that a spontaneous transformation mutation oceur-
ring in an early passage laboratory cultures would result
in an series of experiments with unusually high frequen-
cies of spontaneous transformation. While laboratory cul-
ture stock cells were purposely passaged biweekly at a
relatively low seeding density of 5 x 10¢ cells/100-mm
dish, a rare mutation at a rate of 0.71 x 10-° ecould have
occurred nevertheless. Furthermore, if this mutation
oceurred, then the preexisting transformants could have
progressively increased with serial passage of the cultures
due to their selective growth advantage over WT cells.
This type of preexisting transformant may have oceurred
in early passage cells derived from ampule 1N because the
first experiment (no. 77) using low-passage laboratory
culture cells had a frequency of 0.97 type III focivessel,
and subsequent experiments 78-82 had frequencies of
3.28, 512, 3.02, 737, and 8.01 type IIT foci/vessel. As
predicted, the frequencies of spontaneous transformation
of experiments using cells from ampule IN increased with
passage of cells from ampule IN. A similar phenomenon
may also have oceurred with experiments using cells from
ampule 1J (Table Al). Taken together, the analysis of the
data for outlier transformation responses demonstrated
that unusually high frequencies of spontanecus transfor-
mation in a single experiment or in a series of experiments
using related laboratory culture of cells were relatively
rare and could be explained by a spontaneous mutation
hypothesis. Likewise, these data also suggest that preex-
isting spontaneous transformants of WT cells in labora-
tory cultures were a relatively rare occurrence in this
investigation,

In eonelusion, the major finding of this study is that the
magnitude of the spontaneous transformation of BALB/
¢-3T3 cells depends on the ampule of cryopreserved cells
used in the experiments. Although the mechanism by
which cells express different levels of spontaneous trans-
formation is unknown, these data are consistent with a
hypothesis that spontaneous morphological transforma-
tion of BALB/c-3T3 cells is a mutational event. Regardless
of the mechanism by which this transformation oceurs, the
proportional effect of culture vessel surface area on the
frequency of spontaneous transformation justifies the cal-
culation frequencies of transformation as either mean foci/
vessel or foci/cell in the confiuent monolayer. In contrast,
the frequency of transformation should not be expressed
ag the number of transformed foci per viable cell seeded.
Thus, frequency of type 111 transformed foei in this study
was estimated to be 0.71 x 10°. These observations are
very important because the 110 experiments listed in this
paper were also used to investigate the chemical-induced
transformation responses of many different carcinogenic
and nonecarcinogenic chemicals [vefer to part IV and V of
this series (25,44)]. In addition, all of these experiments
included a BaP positive control tested at two concentra-
tions, and these data have been summarized and reported
separately in part II of this series (44). Taken together,
these experiments provide a large database to compare
chemical-induced and spontaneous transformation
responses of BALB/¢-3T8 cells,
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Appendix A.

Table Al. Evaluation of frequencies of spontaneous transformation” of BALB/C-3T3 cells at three seeding densities in 110 experiments.
Transforming activity versus seeding density”

Experiment conditions” Seeding densities (x10° cells/vessel) Transfornation frequency”
Q.32 1.9 3.2
— IRI? IIT III ILIT IMI III I&IL III 1III Type 1-111 foci Type 11K foci
na  no  Pass ne. >1 2-4 >4m (n) >1 2-4 >4mm (n) >1 2-4 >d4mm (n) 0.32 1.0 3.2 0.32 i.0 3.2
1 & 4 41 16 15 (20 51 1% 17 (20) 136 4B 62 (40 3.1 3.52  4.94 1.6 1.3%  2.19
1M1 11 1 1 3 ¢20) 3 0 4 (20) 13 6 15 (407 15 .24 .38 13 .15 .30
g 6 30 1 ¢20) T 4 4 (20) 7 4 4 (4 15 .27 .26 .04 .26 .15
10 9 6 2 10 1 2 0@ 301 2 ¢4m L35 N 10 .1 .07 .05
AVG. 22*  21% 25% Lo09% 16* 17*
94 1.4 1.24 .39 .47 .67
1K &0 17 25 7 520 22 6 520 95 36 18 (40 1.3 1.27 2.25 .39 42 T
5% 15 8% 6 10 2 2 320 12 5 10 (40) B4 .28 .53 27 9 .30
57 N 6 7 3 (20 a8 2 1¢m 28 7 B (40 .59 1A .71 .39 -1 .28
54 5 14 10 5 (19) ¢ 0 21" 38 8 7 (40) 1.1 .23 46 .62 .08 .27
56 9 9 4 120 5 3 519 12 6 7 (39 .53 .50 .51 .19 .32 .26
58 13 20 6 3 (20 18 4 3 (20) M1 & 6 (4D 1.15 .81 .39 3 .28 19
55 7 0 3 1 20) 2 1 0 (20y 5 B 2 ¢4D) 15 . .22 5 .04 13
AVG. .78 48 .44 .29 .18 .19
o 14 @ 6 3 %20 & 2 1 {20) 13 7 5 (4 .70 .35 37 A -1 .21
13 7 14 4 1 (20) 22 5 220 7 5 6 (40} .66 .42 .34 .19 .21 .20
1% N 1 1 2 (20) 5 3 4 (20) 7 5 539 .15 .48 .31 11 .25 .19
2 5 3 4 5 (16 2 1 3% 10 & 4 (40) 1.60 .60 L3 45 4 .4
AVG. .78 46 .33 .29 .18 .19
1w e B 76 22 12 (20) 99 25 34 (20) 430 134 127 (40} 4,32  5.64 14.43 1.44 2.22 6.02
63 8 12 7 2 (2 14 3 8 (18) M 36 48 (3N 370 1.83 4.00 .70 .41 1.92
69 16 7 4 5 (20) 2 2 301 17 3 12 (4D) .50 27 .58 .26 .20 .39
&4 10 27 9 1 (20 1 2 0 ¢20) 10 12 5 (40) T7 .M .48 .27 07 .29
65 12 12 & 3 (20) B &6 4 (20) 1% 10 4 (40) .79 &3 .51 .28 .35 .24
68 14 308 B (18 5 5 618y 5 6 5 (36 1.30 70 34 Th .45 .23
61 6 5 0 1 (20} 2 2 1 ¢20) 8 5 7 (40) .20 19 37 .04 .11 .22
&7 14 2 1 5 (19) 2 2 12y 6 3 2 (3% .32 A7 .19 .32 7 .09
b6 12 1% 9 920 3 1 2 (20) 7 1 2 (38 B2 19 19 .40 .11 .06
AVG. .63% 5% 83% L38*  23% 43*
1.04 1.08 234 1.63 45 1.05
1B 68 7 NG 8 10 (18) Nb 4 6 (36) o 1M1 6 (38) ND ND ND .53 .07 .51
6A 7 ND 7 7 (20} ND 2 02 o 1113 (38 ND ND NG A 45 1A
7 9 2 1 1 ¢(19) 2 3 720 & 6 1 (38) 16 b .22 .08 .35 14
5 5 ND 1 1 (20) ND 1 2 (20 e 2 0 (40} ND ND ND .07 M .03
AVG. o i) ND .35 .25 .26
11 47 7 19 8 6 (20) 7 2 720 70 13 18 (39) 1.20 .61 1.19 .51 .33 .58
48 9 36 7 15 (20 5 2 1@2h 3/ 11 18 (4 1.60 .28 1,30 L bb .1 54
49 11 15 10 6 (20) 4 1 3 (1% 18 3 19 (40} 1.21 .32 81 .53 6 .43
50 13 34 14 16 (1) 15 6 10 (20) 18 8 12 (39 1.43 .85 .76 .84 .51 .38
46 5 12 7 0 ¢20) 6 3 1 ¢20) 59 @ 15 (4 e .39 1.09 .27 .15 .38
AVG. 123 49 1.03 5625 46
44 12 26 13 16 (200 38 15 26 (20) 120 36 43 <40)  1.94 2.68 3.69 99 1.5 1.52
43 10 7% 18 19 (19 9 5 B9 6 12 32(35)  2.36 .82 1.8 113 54 1.05
42 10 15 3 11 (20 6 3 4 (1™ 27 17 35 (40) 1.13 530 1.32 .51 .29 .86
37 4 27 13 7 (20) 13 5 7 43 15 17 (39 1.58 77 1.51 N.T4 45 63
40 8 5 5 919 19 & 3 20) 17 11 17 (40 7 .61 77 .62 .30 .53
38 6 12 6 & (20) 5 3 621 25 15 12 (4D) .78 .53 1.08 .35 .33 .50
3 6 i4 5 3 20 L & & 2D 43 17 10 (40) .88 .60 1.01 37 AT .43
41 8 30 20 11 (18) 1 1T 418 6 6 7 (36 .83 .26 41 .35 .21 .27
45 14 5 3 2z (20 5 3 120 B 1 6 () 39 37 109 19 A5 24
AVG. 1.18 .80 1.41 .58 25 46

(Continued on next page)
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Table Al. Continued.

Transforming activity versus seeding density®

Experiment conditions” Seeding densities (x10° cells/vessel) Transformation frequency”
0.32 1.0 3.2
1811 III 1III I&IX III 1II JRII III 1II .
Amp. Exp. Type I-1II foci Type IIT foci
no  no Passno. >1 2-4 >d4mm (n) >1 2-4 >4mm {(n) >1 2-4 >4mm (n) 0.32 1.0 3.2 0.32 1.0 3.2
1IE 22 13 26 6 7 (18) 22 29 34 (20 66 18 27 (40) 1.67 2.21 2.35 49 113 .87
23 13 29 11 8 (18) 11 10 11 ¢18) 73 12 11 (27 2.1 1.50 1.56 .83 .97 66
8 9 13 6 1 ¢20 51 19 17 (20) 52 13 20 (40) T4 730 1.4 .26 .35 .59
20 M 21 10 11 (20 16 7 3 ¢20) 14 & 17 (403 1.39 .94 .64 77 .35 37
1% 9 175 1 (20 5 11 5 (1% 47 7 11 (38) .B4 .43 .70 .19 .39 .36
7w 7 14 9 4 (20) 16 12 7 (20} 46 8 10 (40 1.2 1.15 .83 47 .65 .35
2t 1 1% 4 5 (19) & 3 2 (19 28 4 15 (40) 1.08 (45 .90 .33 .20 11
1% 7 M0 3 1(18) 5 0 28 18 12 5 (36) .51 27 .73 .15 .08 .34
AVG. I.18 96 I.24 44 57 51
1F 26 9 29 11 11 (20) 73 4 9 (20 332 31 10 (40) 5.9 3.89 8.90 .85 .50 .90
28 1 18 4 3 (20 20 4 3 (20 83 23 10 ¢40) 1.0 .98 2.86 .23 27 .82
2T 9 58 9 7018 59 2 2 (18) 2% 20 11 (3&) 3188 3.30 8.66 Th A7 .66
24 5 43 32 9 (20) 36 7 620 101 10 8 (40 1.87  2.01 2.63 .56 AT 31
25 7 4t 8 B (2 73 7 240y 232 4 1 (LDy T 2.66  4.94 5.57 Th .39 .10
AlG. %.02 3.02 5.76 .62 .36 .56
10 90 20 52 25 41 (18) 24 15 33 (18) 178 110 109 (71) 3.77 2.59 2.93 2.53  1.92 1.95
92 24 25 8 20 (18) 5 7 818} 38 26 36 (71) 1.87 .81 .91 .96 .62 .60
8 8 25 B 4 (18) 7 8 12 (18} 23 21 29 (72) 1.42 1.12 .72 .45 .81 .51
80 18 14 6 5 (20) 323 7 (20 33 21 36 (%) .63 b 7 .32 .37 Ay
Bs 12 g 1M1 6 (18) 4 1 318 32 20 27 (72) 1.15 31 .76 .75 A5 46
88 16 6 11 5 (18) 32 3018 15 15 22 (67) .96 32 .58 .68 .19 L4
87 14 17 8 4 (20} 301 518 29 24 19 (80} 1.19 34 .60 LG5 24 .35
83 6 g 5 120 18 4 2 (20) 30 24 24 (80) .48 .78 .55 .23 .23 .35
91 22 1 2 320 2 0 3 (20 15 10 21 (7S9) .21 A7 A 17 .1 .32
8 10 10 8 7 20 7 1 220 32 23 15 (80) .96 .50 .50 .59 .23 .31
AlG. 1.26 74 .87 .71 .49 57
19 104 18 20 16 17 (18) 12 14 9 (18) 45 40 43 (7T1) 2.7t 1.5 1.38 1.57 1.02 .88
103 16 22 14 17 (20) 16 8 10 ¢20) 75 39 50 (79) 2.24 1.14 1.67 1.09 .58 .87
102 14 10 8 918 5 5 9018 41 39 25 (72) 1.23 .81 1.17 .71 .63 .70
98 6 14 11 6 (18) 27 10 11 (18 28 17 22 (47) 1.29 1.5 1.07 .7 .70 .62
¢ B 1% 13 7 ¢20) 18 7 7 ¢20y 100 27 38 (80 1.42 B89 1.04 77 .53 .59
105 20 31 14 4 (20) 13 35 (1: 50 30 28 (77) .89 .78 .88 .36 .29 .58
97 4 15 ¢ 220 9 5 3 (2 71 32 15 (8D) 1.05 67 1.07 42 .32 A
190 10 13 8 8 (18) 2 5 4018 16 7 21 (72) 1.29 43 42 .66 .35 .27
101 12 10 5 &5 20 7 0 220 28 12 15 (78) Th .37 .58 .35 07 26
AVG. 1.43 91 1.03 .74 .50 .58
~
M 76 19 34 21 16 (18) 21 4 10 (18) 104 56 96 (71} 3.25  1.11 3.03 1.62 .53 1.79
71 8 42 18 9 (20} 14 8 4 (20) 102 68 44 (75} 1.99 1.01 2.15 .93 49 1.06
w16 52 17 8 (20) 1M 7 2 (20) 136 49 40 (78) 3.33 77 1.98 .89 .37 .88
74 14 31 22 10 (18) g 5 10 (18 65 34 31 (71 2.37 .22 1.7 1.00 54 .66
70 6 1% 8 1(&) 0 0 0(3 39 17 19 (54) 1.42 .00 1.07 T4 .00 .53
72 10 24 10 11 ¢18) 12 4 3 (18 29 10 19 (72) 2.15 .80 .62 .89 .29 .29
73 12 22 5 3 (20 37 11 7 2, 54 25 20 (79 1.30 2.54 .61 .27 73 .27
AKG. 226 1.02 1.5 .51 42 .78
1m 4 9 0 15 15 (20> N0 7 15 (20)  ND 59 59 (40) N N N .80 .70 1.5
1 5 ND 10 12 (20) N3 12 (20) ND 30 43 (40) HD ND ND .73 500 1.44
2 5 N5 64{20) M 5 6 (20) N 7 27 (40) ND D ND 35 42 .66
37 N3 2 (20 b 0 2200 N 8 9 (40) ND No ND A9 07 .29
AVG. Ny NA KA 52 43 .98
1P 95 9 109 32 15 (20} 49 17 13 (20) 389 141 122 (77) 5.96 3.36 6.83 1.79  1.27 2.84
94 7 67 19 11 (18) 8 9 6 (18) 164 8 65 (71) 3.22 1.04 2.96 1.52 2.07 1.08
96 11 55 &6 4 (20) 3 2 120 97 32 30 (70) 2.8 1.10 1.74 .35 .M .66
93 5 33 22 4 (20) 16 12 16 (19) 27 18 25 (79} 1.65 1.91 .66 84 1,19 .42
AVG. 3.42 1.8 3.05 1.13 1.16 1.25

{Continued on next page)
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Table Al. Continued.

Transforming activity versus seeding density®

Experiment conditions” Seeding densities {x10° cells/vessel) Transformation frequency®
0.32 1.0 3.2
. £xo. IBII III TII I8IT IIT I I&II 11 III Type L-111 foct ype 11T for
no  no Passno. =1 24 >4m {n) >1 2-4 >4&m (n) >1 2-4 >d4mm {(n) 0.32 1.0 3.2 0.32 1.0 3.2
16 34 12 65 27 19 (19) 39 21 14 (20) 148 56 62 (40) 5.38 3.34 5.76 2.15 1.34 2.51
35 14 99 27 1% (20) 7T 19 12 (20 138 53 41 (40) 5.7 3.9 5.26 2.07 1.3 1.97
32 10 76 20 12 (18) 101 22 11 20) 128 36 55 (38) 4.37  3.14 4.54 1.2¢  1.09 1.97
33 10 44 22 18 (20) 15 8 6 ((19) 79 29 25 (37 3.69 1.27  3.3% 1.75 .62 1.04
31 8 41 17 9 (18) 30 10 10 (18) 31 21 22 (36) 3.18 1.91 1.70 1.18 .91 .93
30 ) 12 @ 1 (20) 21 9 & (20) 45 19 21 (40) .89 1.36 1.68 37 .57 .68
22 6 40 13 11 (20) 5 8 11 20 51 22 14 (4D 1.84 .96 1.02 .74 .70 .61
36 14 ? 3 2018 5 3 2 (18) 21 10 10 (36) .51 45 .85 19 .21 42
AVG. 322 202 3.02 1.22 87 1.27
1 53 ¢ 161 24 24 (20) 106 13 11 (20) 464 79 49 (40) 5.33 3.7 9.73 1.34 1.00 2.76
52 7 52 10 7 (20) &4 15 16 (20) 136 27 28 (38) 2.27 2.69 2.82 .69 1.19  1.09
51 5 17 3 5 (1) 10 & 6 (19 43 16 18 (40) 1.06 .86 1.64 .34 W45 .61
AVG. 2.8 2.4 473 .79 .88 1.49
R 107 9 g0 19 12 (20) 43 10 18 (203 655 180 94 (80) %.08 3.16 9.56 1.19 1.07  2.95
109 13 42 19 6 (20) 102 35 8 (20) 559 142 72 (80) 302 530 8.9 .89 1.1 2.55
108 11 26 7 2 (18} 15 9 218 134 77 31 (70) 1.42 1.14 2.78 .34 A2 1.7
106 7 ? 3 2 (18} ¢ 8 318 76 48 26 (38) 61 .51 2.73 .21 .29 1.30
110 15 23 8 T (18) 1 5 4 (18) 146 46 19 (7% 1.39 .78 2.29 .36 .35 .61
AVG. 2,30 2.18 576 .58 65 1.72
IN 81 17 265 108 51 (18) 150 79 89 (18) 704 276 307 (72) 22.4 17.3 15.3 8.27 9.05 7.37
82 19 172 B9 B4 (18) 201 &1 77 (1B) 654 308 341 (72) 17.5 17.5 15.6 9.12 7.17  8.01
79 12 142 70 71 (18) 75 43 45 (18) 350 211 219 (72) 15.1 B.02 9.40 7.53 4.32 5.12
78 10 104 32 38 (18) 49 21 23 (18) 405 162 134 (72) 7.85 3.69 6.49 3.30 1.79 3.28
80 14 153 62 37 (20) 72 28 19 (17) 255 138 179 (80) 12.0 5.61 5.83 4,60 2.20 3.02
78 45 17 7 (200 53 N & (20) 152 58 36 (78) 2.89 2.5 2.32 .97 .78 .97
AlG. 13.0 9.11 9.16 5.63 4.22 4.63

Abbreviations: Amp. no., ampule number; AVG., average; exp. no., experiment number; 2 = number of culture vessels; ND, not determined; pass. no.,
passage number of the cell cultures,

*Frequencies of spontaneous transformation: To facilitate comparisons of the effects of several different experiment parameters on detection of
spontaneous transformation frequencies, the transformation assay data were rank-ordered. First, the average transformation frequency of type I1I foci
of cells from the 18 different ampules were rank-ordered according to the frequency detected at the 3.2 x 10* cells/vessel seeding density, Thus, ampule
1C with the lowest average type LI transformation frequency was presented first, and ampule 1N with the highest type I1I frequency was presented
last. Second, individual experiments using cells derived from a single ampule were also rank ordered. The experiment with the highest total
transformation frequency at the 3.2 x 104 cells/vessel seeding density was listed first, and the experiment with the lowest, frequency was listed last.

"Experimental condition: Spontaneous transformants of BALB/c-3T3 cells were scored in 110 experiments numbered (Exp. no.) 1-110. All of the
experiments used eells from one large pool of eryopreserved p3 cells. A total of 18 different ampules of cells labelled 1A through 1R were used to initiate
laboratory cultures over a range of passages from pd to p22,

“Transforming activity versus seeding density: Laboratory cultures of BALB/c-3T3 cells in log-phase growth were trypsinized and replated at 0.32,
L0, and 3.2 x 10* cells/culture vessel. After a standard assay incubation period, culture vessels were fixed, stained, and evaluated for the presence of
transforming activity (see Material and Methods). Large type I1I foci greater than 4 mm in diameter were distinguished from small type ITT foci that
were 2-4 mm in diameter. The type I category of foci included types I and 11 foci = 1 mm in dizmeter. The number of surviving culture vessels are shown
within parentheses (n),

Transformation frequency: Spontaneous transformation of BALB/c-3T3 cells resulted in a continuum of type I, 11, and I1I foci of different sizes. The
type [-LII transformation frequency in this investigation included type I and TI foei = 1 mm in diameter and type III foci = 2 mm diameter. The
contribution of type I and II foci alone can be ealeulated by subtracting the frequency of type I1I foei from the frequency of type I-111I foei.

“Outlier experiment: An outlier experiment in this investigation was defined as an experiment with a frequency of spontaneous transformation that
was significantly different from other experiments that used cells from laboratory cultures from the same ampule (27). Three of the 110 experiments

were determined to be outliers: experiment & using cells from ampule 1C, experiment 62 using cells from ampule 1L, and experiment 77 using cells from
ampule 1N,

"
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Table A2. Evaluation of frequencies of spontaneous transformation® of BALB/c-3T3 cells seeded at three different low-seeding densities in 13

consecutive experiments.

Transforming activity versus seeding density®

Experiment conditions® Seeding densities (x10° cells/vessel) Transformation frequencyd
0.32 1.0 3.2

Amp. Exp. I&II III 1II IRII III III I&II III IIX Type I-T11 foct Type 111 foci

ne ne  Passne, >1 2-4 >4mm (p) >1 2-4 >dmn (n) >1 2-4 >a4m (n) 0.32 1.0 3.2 0.32 1.0 3.2

11 P13 13 34 10 8 (20) .111 31 30 (60} 15 &6 10 (10) 2.10 2.05 .85 69 .65 51
P10 7 25 g 5 (20 117 33 26 (60) 7 2 7 (20) 1.66 2.17 .61 .56 .60 .33
P12 1 21 e 2 (20) 63 25 18 (60) 4 1 29 1.2¢9 1.18 .32 A .48 16
P11 9 10 5 5 (20) 83 23 33 (60) 5 2 1 ¢20) .83 2.00 .28 39 .65 1
P9 5 6 3 220 29 15 3 (60) 6 3 1 (20) 42 .61 .39 7 .23 15

14 P15 7 59 16 7 (20) 171 48 26 (59) 64 15 16 (20) 2.71 3.08 2.69 .76 .89 1.19
P14 5 26 4 4 (20) 99 12 15 (59} 10 6 619 1.25 1.61 .86 .32 .30 .45

1K P19 11 46 12 4 (20) 721 9 (60) 8 2 1 (20} 2.67 1.56 Lhd .61 .59 .28
P21 15 44 10 5 (20) 93 28 9 (5% 2 2 3 2m 2.37  1.80 .28 .72 ) 19
P20 13 33 3 2 (19 61 21 6 (60) 18 4 3 (20 1.58 1.24 81 .16 .34 .28
P17 7 31 A 2 (20) 27 8 5 (6D) 2 1 0 (20% 1.32 49 .M .19 .16 .04
P18 @ 21 4 3 (20) 55 13 6 (58) 5 5 319 1.14 1.07 .50 .28 .24 .32
P16 5 13 5 2 (20} 70 30 19 (58) 4 0 2 ¢(19) 72 7.20 .23 .28 .50 .08

Abbreviations: Amp. no., ampule number; exp. no., experiment number; n = number of culture vessels; pass. no., passage number of the cell cultures.

*Frequencies of spontareous transformation: To facilitate comparisons of the affects of several different experiment parameters on detection of
spontaneous transformation frequencies, the transformation assay data were rank-ordered. First, the average transformation frequency of type I11
foci of cells from the 18 different ampules were rank-ordered according to the frequency detected at the 3.2 x 10* cells/vessel seeding density. Thus,
ampule 1C with the lowest average type I11I transformation frequency was presented first, and ampule 1N with the highest type I1I frequency was
presented last. Second, individual experiments using cells derived from a single ampule were also rank ordered. The experiment with the highest total
transformation frequency at the 3.2 x 107 cells/vessel seeding density was listed first, and the experiment with the lowest frequency was listed last.

"Experimental condition: Spontaneous transformants of BALB/e-3T3 cells were scored in 110 experiments numbered (Exp. no.) 1-110. All of the
experiments used cells from one large pool of eryopreserved p3 cells. A total of 18 different ampules of cells labelled 1A through 1R were used to initiate
laboratory cultures over a range of passages from pd to p22.

“Transforming activity versus seeding density: Laboratory cultures of BALB/e-3T3 cells in log-phase growth were trypsinized and replated at 0.32,
1.0, and 3.2 x 10* cells/enlture vessel. After a standard assay incubation period, culture vessels were fixed, stained, and evaluated for the presence of
transforming activity (see Material and Methods). Large type 111 foci greater than 4 mm in diameter were distinguished from small type 1II foci that
were 2—4 mm in diameter. The type [ category of foci ineluded types I and II foei = 1 mm in diameter. The number of surviving culture vessels are shown
within parentheses ().

“Transformation frequency: Spontaneous transformation of BALB/e-3T3 cells resulted in a continuum of type T, 11, and ITT foci of different sizes. The
type I-I1I transformation frequency in this investigation inchuded type I and II foei = 1 mm in diameter and type III foci = 2 mm diameter. The
contribution of type I and II foci alone can be calculated by subtracting the frequency of type III foei from the frequeney of type I-1II foci.



